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Abstract of JP2000277724 

PROBLEM TO BE SOLVED: To realize a field-effect 
transistor, in which parasitic resistances between the source 
electrode and the gate electrode and between the drain 
electrode and the gate electrode, and a contact resistance 
between the source electrode and the drain electrode can be 
reduced, and a normally-on type and a normally-off type 
whose threshold voltages are different can be formed on the 
same substrate, and a semiconductor device equipped with 
the field-effect transistor, and a method for manufacturing the 
device. 

SOLUTION: A channel layer 23 constituted of a gallium nitride 
system compound semiconductor is formed on a substrate 1 , 
and a source electrode 25, a drain electrode 26, and a gate 
electrode 27 are formed on the channel layer 23 so that a field 
effect transistor is constituted. In this case, a contact layer 24, 
constituted of a gallium nitride system compound 
semiconductor whose impurity concentration is higher than 
that of the channel layer 23 is formed continuously on the 
channel layer 23. 
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) tt. Vol.34, No. 6, 19th March, 592(1998)) . Z(VH 

fet(4, yyTjT&mico (oooi) ®_tte. m 

W30nra«5GaNA 7 7rll L 1S* 5 2. 5u 
m<7)T>Y-y'A 1 0 . i 5 Ga 0 . 85 NJ11 2. P^l 5 
nm(?)Si K-/n* -GaNft *^Jf 1 3 jWfiJCK 
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OnmOS i K— 7*n + — GaNrjy^^ hJl 1 5*^ 
j££;fU ;«n'-GaN3^? Mil 5±.\,Z*-& 

4 ± — ■•f^-tfTfFA 1 /,p + ^A jufrfeftS y 

[00 0 6} dcOHFETWliBi^atCOVvtfji 
BJJ*4. (SE^S^R^fflfig*^ (low-pressure MO 
CVD) SrflJWC. *r7v4Tmk\<F> (0001 )1 
±IZ. GaNA' 7 7Tlll, T^Y-VA l,. 15 Ga 



o.8 6 N^12. n'-GaNf^/H13, TVY- 

t a i Nietrai 4 wil mocv 

U ^I'yM-yfy/Ci^VH-TAl NttWI 

14SrS5#Wfc:|&£U §^>{cMOCVDgl^v^ 

•TO-B^BUI 1 SOnm^n'-GaN^y?? hJf 1 
[0007] -tOflL EOS-ft^^x-y^?' (RI 

e ) izx *)m?fflftM*m\ nsmmmizxK). n* 

SWMc*- AftSfliT i/Al/Au«U« 

N 2 *T'9 0 0*C. SO^O^fttCTT^-^^rtT 

T\ S£J£#i£l::J: 9. TVK-rA 1 NttlSJil 4± 
Ci/3 7f#-ttSffiAl/Pt/Au^MU 

r-««i st-rs. 

[0008] 

ESFETT'iJ, y-MWfcT^H-rA 1 Nf&tM 
14«r#j£L-OV&fctf>fc:, V-X«®4 1 ^— Mtffi 
6 i: OlS&tf F W Vtl 5 t r- WM 6 t COIS^S 

Mmv** <%~>x Ltd b^o&im&tfhiti. 4 

fc. :*— Aft^lcT i Au5:fflUTV^^a6tc, V— 

xmm4RVYu-( >w&5\,z&v%mmmfi*.* < 

fo~>tz« 

[0009] &tz. ±JfiLfcHFETTI4, *-A«L« 
ffilCTi/A l/Au5rfflV^TV>^,Clt*>4>, y-Xf 
S 1 ylSl 7£0««4ffiJJi5r<R^-r?»i t 

wmTMtfm&i.ztchtzMzwm.-zx 

* — G aNf+ 1 3 OJi:^{4. f&m&fCr>m?>-X'&. 

&r>XL&^. tkZMX'Zcr>m?>-$:3ZlhZtl3iX'%% 

waojp»t«i»-rft i t o< hfe 

[0010] FETCH LSHtt«E<9»V^fc 

m-mu±izBj£tz> z t i&F*jmx'b& . 
toon] *^bj(4, ±mcvmmzm*.x%*iifi:i> 
<nx'h ot, y -xms - h wm%mf Yujym. 

4>mmizmzim.mAZim-t&zbwx'£. to 



!(4) 000-277724 ( P 2 0 0 0 - 2 7JL8 



mwrnmrnf^m^^^-fh^t z mk t 

[00 12] 

[ mm i mm s tz^^n. ] ±tmm zmm-t h tz#> 

*> s m&a i ett^m&A h =j y fx 9 \* . SfiUtfc: 
i2^*/wi_LKy-.xm®. \*i"t >WKRxfy 

[0013] S«ra2ae*0*JW»*h ?ySWti* 

? vmimfcmk%ixxmtf-**)\>m<?>Y- bm 
mffntaztL* - <n>?- b mmizy- b mm& § ti 

X^ZZk*ft®klX^&. 
[0014] M##3EttO*JMWKh ^S^tt, 
l»*«2ie«WS-^»l|h5>'^^Ct3V^T. WBBf- 
-\-*;UJI<7)Jg«I£{|i«-r£ £ k lz X D . L£ v*«BE*» 

*t* * y- v y * t * v hote**!?* & 

S-~7V*7mco\,^-rtifrk LtiZkZftmkLX^ 

[0015] ti^4Ktt<o*jMWRh5y 5^**14, 
asflLLtcSMwry ^s^-&* i NMfo&»&&*7 y f 
-rsai/m^^«5r{i^ . mir> b-rmmz- 

tcy-xm®. h w yw&mf-y- bnmtffitxtc 

iz . Mm=m&m o roE«»K*>ff v ^mca 

X%hz\k*mkkLX^&. 
[00 16] s%$<m5iffi<OW,%-W)Mb ; 7>i;A?lZ. 

m#3%4nmconm)$kb7y~jx?iz&^x. ktk^ 
[0017] n*3a6ieKcom^?ash 7>^^«s 

[0018] n^7IEtt<0«9»&Kb yy'Jxfl^ 
3SfiLbfc:SMbir>J *Ajfoofc£«tfMMfc&»6ar4 VF« 

mRx/y- bmm *m*.x%h%$wk b ? 



*jwc. BuferyK-ra±tc KryF-rjiio* 

ny*7 h**aBRLT»J«UT«:4£i:S:1*ai: LT 

[0019] it^siESicom^mh^y.x^^ti, 

M^7K»tf>tt»»*h5y5^*fc:*5Vvc % miles 

y* ? m*qi«»*s<iTWseTy H-re^y- f 

fxT^ixT hfclfSfc LT^-i>. 

[0020] ras^ffio^mffas^ys^u:. 
li^sieaeom^^h^y^x^tcfev^T, frier 

t* s y - v y * >s t l £ v tf«ff#iE-c* 

6 y-v y ^-^Sov^-rn^i: Ltzz\k *WISt LT o 

[0021] tragi oie«^ai#c^s«s s«± 

, mm 1 ^rv > L 9 1 h 

m^yf? bmnTizmm.Lxm^ti.tz^^^ 

l » v^mff*<iET'A y- v y 
[0022] if^ja 1 1 Emnmmm b y >fx*<o 

[0023] ti«« 1 2fetto«#$sm h 5 

tcj: 0, L^v^fflSff^m-rfcsy-vyjj-^stJtti 
l # v ^fflmiE^iET'S) s y - v y pj- 7Sov ^-rtit>> k -t 
&zkznmkLx^&. 
[0024] tmrM 1 3ie«<7)«:if^ h 5 >^ 
«3fi*iSi. IWSSl 2%m<rmm)$kb7VVx?<r> 

wmmzK^x. mwmwmw-b&mwmi 
mz&ftmzM&t. *<D®m : i3>??bm±.izwj$. 
ztitzv-xn®k b\s* vmMkk<rm<r>n$i-%Em 

mm&mmamizfflw-t&z k *&mk ws. 
[0025] *m&n$m 1 KswrnxsaaL b 7 



!( 5) 000-277724 (P2 0 0 0-2 7JL8 



®8tmx'i±. ay? ? vmvy- hmmtmtRmzi 
x*mftm<Dy-hmm®i}i2it. awe. my-b 

ny-vw&fc-y-vw&imfcthziizz:*), y- 

[003 n ff*«i 3%m<r>%^^Y^v t J^<r> 
mm-%mx*a. ^wm^y-vwm:im^^z^ 
ww$£u z<7>&a>??vmjiizmj8.ztit:v-x 

b^oimirm^mi-ztizx*). m&mftmo 
y- hmm^mm ^m&xvm^?> z. t wmz% 

m®.&tf*mzm±.-fz. 

[0032] 

im i <n>mm$m~] m i u*?&mm i ^»wg 

a N Jfc-f £fflV>7tMESFET£ Bfi® II 

-TOMESFETfcL y-"7U^->-S<7)t>^ 

x\ ■^■yr^rmmi<o (oood m±.t,z, m&&3 

0 nm«0ffilSGaN>'<-y7TJi2 1 . M/5^'2 . 4um 
<F>Ty K — TG aN122. 0 . 2 ;u mt?» 

itJ£*>*2X 1 O^cm-StfOS i H-7n-GaNff^ 
/WB 2 3 . MJ5* S 2 0 n mX'ltlfmWlJg.tf n-GaNf 
■Y*;IW12 3i >3iSV^2x 1 0 18 cm-3C0S i K— 7*n 
* - G a N 3 ^ ? 7 h /f 2 4 **JI|Ift«Jf $ ilT lr* h . 
[0033] ;^)n , -GaN3yj'? h/f 2 4_hC:f;i 

T^SiX-CV^. ttz. y-bmmSTOn* -G aN 
M 2 4#>1&*$frT n-GaN^*;WI2 

b*-mM<7>y-b'&m27tfBj8.Zti.X^Z>. 
1t«SsfcLT«. Ti |25nm > A 1 £1 50nmJ® 
<mmLtiT i /A 1 ffj?jft::ffl^ft-S>.\ ^3 -y 
-^&hVX\±^ Pt^lOnm, Ti^40nm > A 
u"? 1 U U n mJi^MJi L/C Pt/Ti/Au iS^ltC 



nmt (Dm^z^^mx yffim.cDiy?? vm*it 

ymm-y-bmmgio&k&tA. RW-xmrnm 
Yvjymmztetfhmfmmtmkth. ztuzx 

9. tI-mt«h7y^X^ (ME S F E 

T) £ Lx<wmtfft±.-t& . 
[0026] m&m4im<on%-%)3kb 7y : s*?x' 
a. m^f*&Ji±£. o^nfitt^s^s 

s c t t\ y-x^fls-y- hmffiiS2WK w v«® 

- y- y-*««tt/ H W 

Jt^fl^KSh^^^X^ (IHEMT) tLXCOft 
[0027] ff^3l7fE®5^«#^b7>^^T 

ti. Tyv-rm±i,z. mryv-ymx^mnm. 

bmzmimLxBftzLtizkizio. ryY-ymt& 
mmtnmizTyv-Tmx vmstfcn^y?? mi* 
■fr&zit&c\bx\ v-xmrn-y-hmmfRRVFi' 
4 yi&m-y-bnM&n&&im. Ri/v-xmmR 
vkw yn&\,z&»h&wm>tf&m-&. ztiizj: 
mK&xtrFim&hjy&xf (jihemt) t 

[0028] i o«Mco*m#giWX'ii. mm± 

lzBf&2tifc&mfm%:byyi''x?cr>ay?? hM(0 

Tizmmtxm&^titz^^m. w.^mtem£tzi± 
ry b-ym^mm^m-r^ ztizxy. ztL?h.<?> 
\-?yi?x?\±L%\ ^mmE-tfAThz, ; - v 
v*ym£tML*\, m^mtfjEx-b z,;--?v*7W. 

* ym t j - v'j * 7mcomft9)% Y^y^x?* tstt 

[0029] tS*« 1 1 i?McoW.ft%)m b 7 yisxfco 

$imi>mx'ii. *mftm±iz, m&mtomxwmm 

? bmt:mmLx&£:Z-£z><DT. *m#m±izmtfLz 
titzm.^wm±vmsi<7)3y?9Ymi l z±r ) ^ y- 
xmrn-y-hmmmmvu-i ymm-y-bmmm 

[0030] il^JS i 2ls«^S^m h 7 y ; Jx ?<r> 



^>hl. 

[0 0 3 4 J i^t. <I<7)ME SFE TCOMit^t'O^ 
xmWtZ. MOCVDSrfflV^T. "9"y r-f T*^ 1 co 
(0001 ) m±.lZ, 5 5 0X:<7)f&SkiEJg.X'ffig,G a N 
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y-m2 7t»*L MESFETfc-f4. 

[0035] *mtmm<r>u ESF E TC ttltX* n - 
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£ffic$-r4 - . ME S FETt LXem&&Xf 
ftfKffi 5: |6Lt£ •£ 4 Z t &? $ 4 . 
[0036]^^ #£QfeJBJg<9ME S FET<3«ji2r 
£(= J: *U* . n-GaNff *;Wf 2 3±C, 
Jgtfn-GaNf-v^/U/f 2 3«k OiS^n'-GaNri 

ttfc«ilfcMESFET£fWW-4£i:3&*T**. ifc 

Tli. /-7Wyl<7)ME SFETt Ltltf-. n-G 
y--7iJt7l^MESFETkt4utt>t'l 

4. 

coo37] im2comtmm m2a*micom2<D 

m-fWMmX'h*) , -&^^#*<7)&«£3HJffll-?-4*: 
^y-b«flSSrA 1 GaN/GaN'vfOjg-£<59A 1 
GaNWc^L^JtT'&S. COJlHEMTti. y 
-VJ:t:xI!<Di><DT\ t7r^7«Sl<7) (000 
1 ) ffi-B=: x ffilf:#3 0 n mOffiffiG a N A-y 7rl2 
1. BUf**2. 4^mC07yK-rGaN12 2 1 ffijf 
*^5 0 nmT'^^SJK*U X 1 Oi 8 cm-3(OS i H— 
rn-A],Ga,. I NIftt»I3 1 (O^xgl) . 
Kff**2 0 n mt^iftSS^n-A (.Ga^Nff 
M13 1 i 9K^5 x 1 0" c m-3t|, 0*>oA 1 1 
fiJUtain-A l 1 Ga 1 . I N«ffl»I3 1 iO'hS^S 
i h'-7°n*-A 1 ,Ga,.,N3^? h«3 2 (OS 
ySl, ySx) jWW3CIWI3ivO*4. =Sr*s, 3 3li 
7>K-7GaNf2 2+fc»«S*l* ~<J?7C«^X 

mx-bh. 

[0038] lOn'-AlyGa^yN^y^^MS 
2±£{iV-xmSe2 5»tf F W >mM2 6*9WR3 
tl. y-bm&S.T(Dn*-A] y Ga 1 . y Na>?7Y- 
ii3 2*^*$tiXn-Al 1 Ga 1 .,N«^tf&S3 1 

®2 7*^fi£$ilTV^. V-^mfii2 5, FW >-« 
ffi2 6avy-h«ff2 7**l«lOffllStt, ±i£L*: 

[0039]»:> <I C0J®H E M T COl^jt^tCO \ ^X 
Wftth. MOCVDSrfflWt, If? tA TS« 1 O 

(000 1 ) ffi±t:, 5 5 0 , Ctf)J&K?5JgT"<Ea&G a N 
^*7 7rl2 1 £j£R3-£4. BCHT. C^ffiiSGaN 



A'77ri2 l±t. 1 08 0t:<0«ftaK"CT^H- 
7*GaN/f22, n-Al.Gap.NffftfelSl. 
n ♦ - A 1 , G a , . , N a > ? ? M 3 2 Sr HI&J&JI § •£ 
4. <X^X\ ;^n*-A l y Gai- y N3y^^hS3 
2±fcV-.**ffi2 5&tf KM >m«S2 6 *#j£U 
y-h^ltT<On + -A 1 y Ga,.,N3W H3 
2^l7f>/LTn-A l.Ga^NflrHWSJIS 1 

2 7*#J«U JBHEMTfc-f*. 
[0 04 0]a(c5QIS»3BtfDJBHEMTfc:J:fUjf. n-A 
l.Ga,., Ni^P W&m 3 1 ±fc . TOfflfegiKftt n-A 
l.Ga^.Ntffi^fS 1 iOiSVMi^-AlyGa 
1 , y hl3>??hm3 2t:Bf$.LtzcDX\ V-xW- 

y- hm®raatx fw y- htt&isao«&j& 
zmt-t&zttfx'*, mHEMTtLx^mmafm 

[0041]i!t. *W6»JIRO«HEMTtf)8Ee*a 
iCtfO*. n-Al.Ga^.NISfMlS life, ^ 
HBMftg** n-Al.Ga,., NttTftfeJf 3 1 «k 0*1* 
n * - A 1 y G a , N 3 >? ? F» 3 2 LTJ^lS 
-T4^T\ «rtt&V«fflttfcfth.fcl«HEMT5&f^Bi- 
4.Ii:a J -t'£4. ^*Oi^jtXS^? ; &i:^-r4 
^t^<fflv^4^i: ^'-C-# 4 <0T > ^3SX^^JItc=5r 
SR* S *<, gm?Xbtf&<*c-iXL£dZti>** 
W ^r*5. *HIte^®T'(i. y-v>J^-^Sc7)J«HEM 
TtU* 5 , n-AI,Gai.,NSfMI31<oy- 
b«JSoMm^^.4ifclcJ:'). y--7U*7a<0J« 
HEMTttSIi: i>T"£4. 

[0042] {.^(nmmm msittftwcomsn 
mmm<?> g a n ^ft-gft?** v ^ja» hemtj 
rttwmmx'h o . -<5:7t«^'x<7)iag2:$ijffli-f-4^ 

ftOy-h«flg$:A ] GaN/GaN's-fofg-^OGa 

NMfc»jSL>tfliaT»4. i^atHEMTii. y-v 

D^-ySottfO-C\ -9"7r-f 7SS1<0 (0001)® 
Jbfc, M/?^3 0nmO<KaGaNyN*>y7ril2 l s K 
^5 0 n mT'^*$%liiK*i2 X 1 0i* cm-s<DS i h* 
-7'n-A l I Ga 1 .,NS^*&il3 1 (OSxS 
1 ) , ffl¥-&5 0nm^7yK-7GaNI4 1, WW 
W 2 0 n m t'^trillJK^r >K-7 o GaNS4lJ:0 
1SU2X 1 0'8cm-3(7)S i F-7n*-GaN3>^ 
9 YMA 2tfmvmmZtlX^$>. ^-fc\ 43\iT>Y 
-7GaNf4 1 4>{C^$^4Z<Ji^cm^^S-efc 
4. 

[0043)iOn*-GaN3y^^ h®4 2±W4 

y-xs«S2 5ay r K^-<>-m®2 6*<m$n. y- 

b^BT^n*-GaNrj>-^^h^4 2*%*$it 
TT>-K-7 I GaNii4 lO^-'-hffi^liai^^. - 

-xii2 5< vu4>mm2 6Rv?-bm&2 7* 
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nave**. 

[0044] ClO3SHEMT<0SJi^fcO^r 

BMW*. MocvDifflv^. -^7r-fr*«ico 

(000 1 ) H±£, 5 5 OXtt>£*ttJtrfflsiIG a N 
A' 7 7rl2 1&M§t5. .Tc^&GaN 
A-/7712 11C, 108 0TOM?agtn-A! 
J Ga 1 .,N™i3K 7>h'-rGaN14 1. 
n'-GaN3y;??hJl4 2£JII&J&ft$-ti-£. <X^ 
X\ Z<7)n* -GaN3>?7 h/14 2±lZV — J*®fii 
2 5 .&.!/>' W 6 £M$LL. y-hfB&BTO 

iT-GaNay^; hJf 4 2S:X 7 fy/U7>'K 
-7GaN|4 l<oy-hffii££gItil£-£, dcoy-t- 
««(cy-h*«2 7&#jftU &HEMTfc-f&. 

[0045] *9GHffl3B£*S V t> , SH 2 W|Hfe®!$tf) 
>HHEMTi:|i]«t;, V-xmM2 5-7-*-h«fi&2 7 

mm/ h u-f >-^«§ 26-y-h«fli27 ra^i 

*L 2 5$.t/K W y^M 2 6 K *3 ftS 

ftJWSttttiBaSt-iii:*^*. jtHEMTfcLT^t* 

x\ Kaftxsftqngc* h turn < , «»=i.xh**w< 
[0046] t&4<omtmmi m4n*mi<om4cr) 

mtmm<r> G a N »ft£WMt{* £ ffl V ^MESFET 
«IM?^fiftfAM^ (¥^#§£fi) Sr* 
^WHETC* 0 » *S«i#JB*!>M E S F E T#Jba> t fc 
SSlOHJ^®OMESFETi:^2.^iii, t7r-f 
T3HRl±fc:1Mkffl (H4T«2«) <oy-vy*yg! 
MESFET51, 52£j£j£U .Til^ME S F ET 
5 1,5 2*>'®fi£$itl»g|5^J3h5:jMtRWfcr^K-7- 
GaNJ12 2c7)^4'4Tx.y^->j/5 3-Ti.C:i:(C«t 0 

>-mas 2 6 ai^y- h ^fig 2 7 ^tsitsi^mii , ±m 

Lfc*l<OSWe»JBi:^<H«T*t. fcfc, 5 4 lis 

i Ottmmx'hz. 

[0047]», i^HSflcf/^ **>«acfr8:fcO 

wen 4 ava 5 fcasrj* uiHj-r & . « 1 (omtmmo 

MESFETfcH*fc, •^yr^rmRll.iz. ffii&G 
aNA 7 7rI2 1 — n'-GaNny?:? h®24£ 
J«iJC«ftS*fe»fc:, n'-GaNrjy^hJf 24<0 

^mizfsmim loonm^si o 2 imm 5 4 

~th (E5 (a) ) . fcwe* 5i^O*hUV^7 7^ 

-tHJg-ft*^ (bc i 3 ) *m^-tz&m.4*>z. 

7f^(RIE) (ffiTJ : 3Pa) tCiO. FETtf 

jBjasnfta^Jsw^aRwtr^ f-tg a ns 2 2 

0»+4-Cx v f-y^5 3L, WFIBI»«*fT5 (05 
(b) ) . 

[ 0 0 4 8 ] <XWC. n'-GaN3^?M24J: 

(cv-^m® 2 5whw y^«g2 6 zmm-h . - 



s i o 2 feaat5 4*a«?wt=^t=»*'r6. <kv* 
x\ mrt'-Aim^terngmMm m&s. : 1 x 1 o 

-STorrJilT) lC t k0n t -GaN3y^^M24cO± 
(C^-ivftflSiT i /A 1 (25 nm/1 50nm) £ 
JS»-'j7h*7U N,»H«4»T9 0 0T:. 3 0® 
V-X^,m2 5&t/h'W >W,m26£ 

mm-h (as (c> > . 

[0049] &WC\ n-GaNft*;H2 3iOB: 
2 7 *Hjy/77 

LX¥fifeW<f->ZBf8,L. :w-y^vx?t 
L-t77lIW')X7 hx-y^-^fcj: 0 S i 
M 5 4 *a«W(cS5^fc:»*-*-* . «Vvf, HttHfc*^ 
* (BC 1 3 ) *ffiV*RIE (JE73 :3Pa)CJ:0 
^'-MIl^irF^n^-GaNn^^^ bJ124£l5fc£ 
Un-GaNf+^;H2 3C0^'- 
-ti\ «^tf-A£fflv>fc*2g!8»8; (X^S : 1 x l o 
-•TorrJ^T) fcJ OtS^- bfflJsS±tCJ- 3 >y 
Pt/Ti/Au (10nm/40nm/100nm) 
'J7h*7L, * , -MB«2 7*»jft^4 (H 

4) . 

[0050] *mmmizis^x i> . m 1 nmmmco 

MESFETtHat, y— ^Si2 5-^*-hmfli2 
7 |H2llf K W 2 6 - y- 2 7 facO^S 

ai/y-^.«fiS2 5Rxfvuj >mm2 e(,zmfh 
mfmtn.z&m-z>zttfx°%, mesfetsi. 5 
2 1 Lx<v&m.vm®.&*fo±z-*t& z t tfx-z h . 

Ltztf-yX. MESFET5 1, 5 2 tfDWttftlffflHtt 

[005 1 ] L^t. t77'(7SSlJ:(:MESFE 
T51. 5 2£^J£U 7^K-7GaN12 2(Olt 
^•CX-y^-^SSt-SClhtCj; 0MESFET5 1 , 
5 2#^ SrS^aJrSt L^T\ n-co^y t >f T««i 
ll(:y-7'J^yIOMESFET5 1. 5 2^Jgfi£ 

-r?. £ t , *mteT>v * t LxnmmzjMtz 

tfck-tZZtWX'Z&. 

[0052] i^iNWs^y^ X£7)igiS*ft«. 

y-vy^">-McOMESFET5 1. 5 2tL^. n 
-GaNf-v 2 3 h ffl^OJKilSr^x. S i 
fctiO. y--?yj}-7MiDMESFETi:-t^C:tt 
X'*h. 

[0053] [95 OHJSJB® ] H 6 \£*W%<7>m 5 <T) 

mmmmcoG a Nmt&fa^mftzm^KM esfet 
•rmmmx'h o . *9omMM esf e rtf±& Ltz 



• 
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tmmnm e s f e Tx-ii. m-wy r a rmm 1 ± 

(cMfc<7)/-vy:t>-I!<7)MESFET5 1 . 5 2 £jg 

^l^ok^u ^mtmmcoMESFETvit. y- 

7'J^yI^)MESFET5 lty-7'J^7S<7)ME 
SFET6 lZ®-cO-f7T'(T£m±£Bf£Ltz& 
X'hh. 

[ 0 0 5 4 ] i«7)^f*^NV XCOlSBt^&tCO 

V^TE16-I11 O^S-p'^fJiBJ-r^. H7 (a) 

CTKTidC:. mi^i6?gSc7)MESFETi:|SI« 
fc, t7r-frSIliC, ffi?flGaNA 7 7Tf2 1 
-n ( -GaN3^? h«2 4£)I&J&j|$-£*:& 
JC, n*-GaN3y^^h^2 4C0^®tcMff*^l 

0 0nm^SiO 2 ^fI54&«n. »:V>T', * 
HJ y/^y-f-fcHiafc*^* (BC 1 3 ) 
KlEtt^yx-yf-y^ (R I E) (JE*:3Pa)fc 
J: 0 , F ET*^j£$ii&ai^W5:MtR6<)^T> K— 
7GaNS22 fx -y ^-y / 5 3L, S^RHtf 

[ 0 0 5 5 ] n , -GaNn^?M24i 
lcy-X«fig2 5at/Kl^-fy«ffi2 6S:^-r^. 31 

h zmftLxmfewf-yt u ;<w-> 

1 0 2 |fcf#fit 5 4 *aHRWteSS£fc|»*-r 4 . &Vvc, 
fff-AJrffl^^Mia <K£S : 1 x 1 0" 6 To 
rrJiTF) KJ: , 3n ( -GaN3^^M24<7)lM 
-AfiltTi/Al (25nm/150nm)SI* 

• 'J 7 L. N 2 #H^4"T'9 0 0"C. 3 O^T 

--;UL, y-xmfi&2 5&l/FW >-TO2 6 2r?fM 

[00 56] &WC\ 07 ( a ) tfrSPJIOME S FET 
On-GaNf-v^S23<5D±tcy-h«S2 7^Jg 
JftL, y-7Ut>SMESFET5 1J:tl.. by 
V7y7< -iz£ *) . I- l^SAX h 6 

2£E:*LTJ^tO/\*:y--y£-^j£U 
vx? fc LTy-yiMo^x-y hx-yf-y^ci 0 S i 
0 2 ffiSf fit 5 4 £SiRWfc§S£fcBfc*U £ h £H*gft 
*>7f5l ( BC 1 3 ) Iffil^RIE :3Pa)fc 
J: 0 Yfflm.T<r> n + - G a N 3 y? ? b ® 2 4 Sr 

COO 5 7] <XVv?. ( 1 ) RiEzm^^x-y-hM® 
iSTO n-GaNff */Pjf 2 3 £ -tOJBURfrlftjfclx -y 

tcr>®<7)m%i-mmiitm%.-rz>. to a 

jIU n-GaN^^J12 3£}ftMO/I^£T'X>y 
08te s ^y-7'J^ySMESFET 
cOV-X«fig2 5 t F W y^S2 6 fc<7)P^€^-m 
JH^£iic*-»ttElT*9. y-X- HU-f yiESS^iE 



[00 58] y-^.mS2 5t y«@2 6i:^ra 

h6 20±A^7D-7'6 3. 6 4 SrfiBSO 1 -0<DS— 
7 l J*ylMESFETW-XtS2 5&tf KM > 

y - v y * ysiw esfe r^m^z-o wsfflLX 

i^ai^{Sy--7y^7SMESFETlC*f 

lt mmzmm-tz z. t #t-# h . &wt\ m=f- 
t-j>.£m^fzKgm%m : 1 x 1 o- 6 Twrja 

T) fcA 1 ), i/3 7h^IPt/Ti/Au (10 
nm/4 0 nm/1 0 0 nm) |;n-GaNf+*/H 
2 3<0±(=3R!i- 'J7h^7L, ^'-h«Sg2 7£»fi£ 

[0059] &UX\ 07 (b) tf^lMOMESFET 
cOn-GaNf-A- 2 3 c0±^^'- h 2 7 Sr?^ 
j£U y-vW7SMESFET6 1ttl). *K'J 

y/77^ -tcj; o „ ^mizmiBZtitt h v e 
7^;at77i!i<7) | /X7 hx-zfy/tios i 

0,feltK 5 4 £«JR«fc:5S^fc:|»* L . $ 4>t==*-(k 
*>7m ( B C 1 3 ) fclUfcRIE (flE^J : 3Pa)C 
iO^-MMT^n'-GaNay?? hS2 4 2r 

!0060)a:W, (l)RIE&fflV»ty-MWi 
KTtf) n-GaNf+ ^;PJf 2 3 £ -eofitff^fSjCrx -y 

f->-^L. (2) v-xmm2 5tvu-omm2 6b 

n-GaNf-v^Ji23*JJfHO**4TX^f- 
IllOJi, I(7)y-?W7IMESFET 

oy-xm® 2 5 fc h n >-mfis 26 1 comcom^-m 
E.imz7jk-rimmx'h*) . y-x- fw*««m«» 

#ifiO« ( L^v>fimffiiiE<7)«l) £*L. sSoottlW* 

[0061 ] y-xmfii2 5tYV-i ymM26t(0m 
OSSE-flJEOSOSti. y— VJ ^VSME S FET 5 

lt|Sl«(c. *M/y'XS6 2^1K7D-76 3, 
6 4 SrffiStfO 100y-7'J^7lMESFET<7)V- 
XflS2 5SJ/F^^ >fl:Si2 6 %tl?tl<,Zi%MZMX 

Jg: 1X1 0- 6 TorrJilT) IZ* *) , i^a -y h*-^fl&P 
t/Ti/Au ( 10 nm/4 0 nm/1 OOnm) S: 
n-GaNf+*;H2 3W±(Cl«- V7h*yL. 

[0062] ^cojcdtc y-vy^-yssr/y-vy 

;tySOMESFET<9L£VMi«EI;L RIEJI^ 
7ty-h^fiTOn-GaNf-^^;l/S2 3WX 7 f 

y^a. ^t Y )v-xmM2 5tvu>(ynm2 6tcr> 
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[0063] *Wfi»JBtC*J V^T fc . SI 1 ^ 
Jt#JBW>MESFETfc|B|«K:, MESFETttTCD 

-hfgi$IT<0n-GaN^**/WI2 3**«0KW* 

16] \,z?m<r>m^ * -ex » ^ u wx-wvm £ tut n 

-GaNf-v *;WI 2 3 ±t h«S 2 7 Sr»j£ Lfc 
C7>fs /-7'j3r>lMESFET5 1ty-7iJ*7 
SM E S F E T 6 1 SrPO— <7>-?7 r 4 7SS 1 ±iz m$L 

[0064] [$6^m] SI 1 1 <i**Ufc)flS6 

comtmm.<oG a NaMt^sMi^**ffl v^*h e mt 
tfvakwsmztvfztmttr'W ^Tn-tmrnrnx-h 

0 , *»BBSltf>JllH EMT^li Ltzm 2 <?>£tt»ffi 
OJtHEMTfcRifirijjRIi, 1t7 r -f 7SS 1 _Lfc«R 
ffl (HI 1T*{42«) 07--7U^>-SJliHEMT7 

1, 7 2&&&L* ^tl^y-V'J^SMHEMT? 
1 » 7 2*W$tLSgP^-m$r^lRW(CT>'h'-rG 
aNi!2 2^4'*-ex-yf->-^5 3-ri,C:i;^J: OS 
^FBH)-**ff->]fejST**. V-XW2 5. FU-f >• 
m«52 6&t/y-hm^2 7<7)«3£&tXfflfi£<3:. ±kBL 

[00 6 5] d(0«IHEMT?r#S^-r&C{i. t7r-( 
T*^l±tC. ffijgGaN>'A'-y7rJi2 l~n*-A l y 
Ga 1 . y N3>^^hJ13 2$:)«»:fi£*§^f^C. n + 
-A 1 ,Ga,. y N3V^ Ym31<ry^M\ZS i 0 2 |& 
*»l5 4fcjeaSU RI EteiOS&^iatfStWV n 
*-A 1 ^Ga^jNay^? hM3 21.1ZV— X^M2 
SJltfHM >«E2 6£Jgj£U R I EfclJ: Oy-h 
«KlITOn ♦ - A 1 , G a a N 3 ? ^ F« 3 2 £1$ 

4itn-A i x Ga 1 . I wmi L m]i&m3 i*>y-H»« 

[0066] 3RWj9B!Btfl5»lHEMTfc:*JV^r t>, $2 
^Hife^©«OliHEMTtH^(C. V-xmfil2 5-y 
— t-1ifi§2 7ia&.tf FW ^««i2 6-y-httffi2 7 
S<OS*ffifit> S.t/V-7.«® 2 5&tX F W >mH2 
6fcfclt4«M^*ffi»*4£fcj& t T'*, IHEMT 
i: LX OWttatXflBKtt* ftJ:£-tt4 £ #T*§ 4 . * 

*siit»jB[ojiHEMToi8a35raK:j:Mr. y- 

t^$fflTOiT-A 1 ,Ga,.,Nay^; hJf 3 2 5: 
Bf$LtZ<DX\ ttttRtf^ti^rtJiUfcJIHEMTfc 

f^si-f 4 i t 4 . , y - v 

U^->SJIHEMT7 1 , 7 2bLtzW. n-Al,G 

£££9. / -"7 >J:*7ffl<*»lllHEMT fcfcT 
£4. 



[0067] [mKomtmmi m 1 2o*feanrni 
^a^^^tL^^ft^N'-f x^-rmmmx'h 

0. 5|K|at»JBO38HEMT3fii«±aLfe*3 0lQJagJB 
<oa»HEMTi:JWr4jSi«:, -9"7 t<\ TW®. 1 ±fc«» 
AS (Hi 2X15211) <r)y-v'J^VS3iHEMT8 

1. 8 2*»jSU C1^4>y-vy^-^S5£HEMT8 
1 . 8 2*<JgJ«?tLSa5^i3h?:jMtl?Wt:Ty 

a N JI 2 2 O&'f t tl -y -f- V 7 5 3 f 4 CI £ <fc 0 S 
7ra#^£ffo/t-5T'J>4. y-^W2 5. FW> 

2 6 &t/y- h mm 2 1 (ommm/wj^m . ±m l 
tzm 3 comtmm t±< wmx-h « . 

[0068] CL6Dy-vy^ySJ2HEMT8 1,82 
^ffiR-tStUi, t7r^7«Il±C, fiiSGaNA 
7 7 712 l~n + -GaNn>-^^hjl4 2$r)II<Xfi)c 
n + -GaN3>^^hJi4 20^®^ 

s i o 2 ^is5 4 r i e*c i oaffla^* 

&fi=O s n 4 -GaN3y^^M4 2J:(:y-Xli 
2 5Sy r Hl^^>'«ffi2 6Sr^B!tL. RIEtCj;^^- 
h«liliT^n*-GaN3>-^i7 h«4 2 5:^*LT 
7yh'-7GaNI4 1 <oy- S ft Cico 

y- h«iig<7)±icy- hms 2 7 -kmm-h . 

[0069] ^mtimmnMHEMTiZte^Xiy. W.3 

omtmBn&H EMTt mmiz . y-xtt 2 5 - y 
- h m@ 2 7 raatx kw xss 2 6 - y- h 2 7 

raoS^ffiUi. RW-xmk2 5RX/Vl>"t >WM2 
6lz&V&&fmtrit:imtZZktfX'*, IHEMT 

St, 7'-MIITOn*-GaN3y^^ hM4 2Sr 
iiU7>K-7GaN14 1 coy- hffi*g£!iiiJ£ 

•ti-. ^coy- h««o±fcy- n^®2 7 *m&t&<7> 
x\ m&xsmm&nmJiLtiMHEMTZim-t&z 

HEMT8L 82i:L^*»\ 7>'K-7GaNl4 1 

cvy-hmmcommz&i&ztizxK)^ 
a^asHEMTt-riikfc**. 

[0070] [tt8<0£ttM] *saBgJBOim»*7 f 

y- h^iST<7)n - A 1 , Gaj. x N«^|^«3 1 £ 
SrMcOil^fcx -yfy/L, JS^*^Jffl)$ tifc n - A 1 
,Ga,.,N«ftt»i3 l±(=y-h«ff2 7S:»jft 

)l!HEMTi:L^t<DT'S>4. *?WWHE 
MTTti. ff^'SJlW^tl.tcn-A lxGai-.NS^ft 

^■>S^4 V%{i:y--7 U 7S^j®H E MT$-(1)— ^7 

commzx&izifckt&z t tfx-z h . 

[oo7i] [m9<vmmmi ^mmmo^mft? 

y- hfmWF(DT> K-7G a N^4 1 Sr^MOJf » 
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4 l±fcy-MBS2 7£»JfcU SBHEMTfcLfcfc 
iX7tT>H-TGaN^4 l±(cy-MM2 7S:©« 
H E MTSrli]— 9-7 r 4 72E« 1 _htc»j£-*-S £ k #T* 

mm lx s tzw. Mftwj%mtfM*mmmizmfe 
ss.stv>$smittmx't>h. mm. mscommmx- 

? mnmmmii±iimmmizm&2 ti& t otii* 
<. 5fc£y-vi;;*7M£^jjS;U »f>y-7M> 

125, VU^i yMM2 6RX/y-hmM2 7com^R 
[0073] 

[0 0 74] IW»B4fEa<0«IWft*b5>^^fc:J: 
Wf, CTftttUBJilr. KtCTffilftJBJ; OTWft«JK<0 

14£l*LL§-£.S>c:k*n v §l>. 
[0075] W^7ffi««D*J«fc*h 9>5*X*fcJ: 

aiavKw Mgiiiao^ygsi, six 

6-k , jH(B1XC?9MK h 7 >-^*x ? k LX 
[0076] n$3l OEtt<VNIfWI«fc:j:fttr, « 



x'hh;--?v*7Ww?tti)*iiL-k<?>x\ ra-as« 

kt*fv\ 

[0077] m$£ 1 1 enattiMhA h v wx?<r> 

k N 1$tt • ffi*tttf>rtLh b 5 y 5** 

^^#8i!-r&^k^-C'^-S.. 

[0078] n$gi i 2ia»<o«#a&» h7yyx^« 

- hmm±i,fr&m&*Mzm£Lxm&ajBim-b 
zcoy-bmmz-y-hmmz&is.'f&nx. s- 

m-mLtizmm- z> i t * . 

[0079] MSB 1 3SStttfflMW«ft h 5 >- ^'x^<7) 

wmtzto&u %<r>\ki>97 bm±izwj$.zft.tzv 

•th. b^o®ft*i8t*)m-<?>x\ mtvmwmny- 
v m.®<n%k&*-m&.x-v\m-h z\ t &x-z . wis • « 

ik^T'^S. 
[0ffiofS#^|{iBJ] 

[01] 1 <0»SOME S FET5;i 

[02 ] *ft9J^ 20SBt&lBtoJRH EMT^t 

[03] *Wfl«»30Safc»JB0aHEMTS:5rr 
BiM0T'J>S. 

[04 ] *%W)&4<nmmm<vmto ; rJU 
7frfmmmx'hz>. 

[05] 4 OHM^SO^frrVN'-f 

[06] *Wn<7>%. 5 OSaBBJBOiNi*^ ^ U x z 

TF-tmwmx'hz . 

[07] #&BJ!031 5 WHM0B«W^«st>'nM ^.cT) 

m&^&ZTfi-tmmx'hh . 

[08] y-7W>SMESFETOy-Xlffii 
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[129] ;—~?V*>!SlMESFET<7)V—AW&b 

[Hio] y--7»j^7iMESFETOy-^ii 

[012] 7 ^HJfe^^^*T^M X 

[HI 3] ft*^G a NM^im^I^^ M E 

s f e t z^mmmx-h & > 
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